Electronic Version 
Stylesheet Version vl.1.1 

Description 
[WHITE LIGHT LED] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 93102094, filed January 30, 2004. 
Background of Invention 

[0002] Field of the Invention 

[0003] The present invention generally relates to a white light 
LED. More particularly, the present invention relates to a 
white light LED for emitting a light comprising at least 
three or four different colors. 

[0004] Description of Related Art 

[0005] |_jght emitting diode (LED) is a semiconductor device be- 
ing broadly used for light emission. The light emitting 
chip of the LED is generally comprised of lll-V compound 
semiconductor such as gallium phosphide (GaP), gallium 
arsenide (GaAs), gallium nitride (GaN). The principle of 
light emission of LED is the transformation of electrical 



energy into photon energy, which is performed by apply- 
ing current to the compound semiconductor to generate 
electrons and holes. Thereafter, an excess energy is re- 
leased by the combination of electrons and holes, and 
thus the LED emits light. The lifetime of an LED is gener- 
ally up to hundred thousand hours or more. In addition, it 
is not necessary to warm up the LED when it is turned on, 
thus the idling time is almost zero. Furthermore, the LED 
has the advantages of fast response speed (generally 

-9 

about 10 seconds), small size, low power consumption, 
low contamination (mercury free), high reliability, and the 
manufacturing process is suitable for mass production. 
The application of the LED is very broad, and wherein the 
most widely useful is the white light LED. Especially in re- 
cent years, since luminous efficiency of the light emitting 
diode (LED) has been drastically enhanced, the white light 
LED may be applied as a light source in many electrical 
devices, such as, scanner, liquid crystal display (LED), or 
illumination devices. In recent years, the conventional flu- 
orescent lamp and incandescent bulb is gradually replaced 
by the white light LED. 
[0006] | n general, a conventional white light LED may be classi- 
fied into two types listed below. The first one is a white 



light LED composed by a plurality of monochromatic LED 
chips, wherein the white light is generated by adjusting 
the current flowing through each monochromatic LED 
chip. This type of white light LED may be further classified 
into white light LED using three wavelengths including red 
light, blue light and green light LED chips, and white light 
LED using two wavelengths including yellow light and blue 
light LED chips. The luminous efficiency of the first type 
white light LED is high, however, since a plurality of 
monochromatic LED chips need to be provided simultane- 
ously, the cost is high. 
[0007] The second one is a white light LED composed by a blue 
light LED chip and a yellow inorganic fluorescent powder 
(or yellow organic fluorescence dye). The wavelength of 
the blue light emitting from the blue light LED chip is 
generally between 440nm and 490nm, and a yellow fluo- 
rescence is generated when the yellow inorganic fluores- 
cent powder is illuminated by the blue light. In addition, 
after the yellow fluorescence is illuminated by the blue 
light emitting from the blue light LED chip, a white light is 
generated. The manufacturing process of the second type 
white light LED is much easier than that of the first type 
white light LED described above, and the cost is lower. 



Therefore, the second type white light LED is broadly 
used. However, it is noted that the luminous efficiency of 
the second type white light LED is lower than the first 
type, and the white light of the second type white light 
LED is generated only by two light (a blue light and yellow 
light). Therefore, the performance of the color rendering 
index and the color temperature of the second type white 
light LED is worse than that of the first type white light 
LED. 

Summary of Invention 

[0008] Accordingly, the present invention is directed to a white 
light LED comprising at least three or four different colors 
having higher luminous efficiency and better color ren- 
dering index. 

[0009] According to an embodiment of the present invention, the 
white light LED comprises an exciting light source, a sus- 
ceptor, a sealing resin and a fluorescent powder. The sur- 
face of the susceptor includes a pit, wherein the exciting 
light source is disposed in the pit of the susceptor and 
electrically connected to the susceptor,. A light having a 
wavelength in a range of about 250nm to about 490nm is 
emitted from the exciting light source. The sealing resin is 
disposed over the susceptor and covers over the exciting 



light source to fix the exciting light source over the sus- 
ceptor. Furthermore, the fluorescent powder is disposed 
around the exciting light source to receive the light emit- 
ting from the exciting light source. The material of the 
fluorescent powder includes, for example but not limited 
to, (Tb Ce Re )AI O , (Me Eu Re ) SiO , YBO :Ce 
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3+ , YB0 3 :Tb 3+ , SrGa^Eu 2 *, SrAI O :Eu , (Ba,Sr)MgAI 
O :Eu 2+ , (Ba.Sr)MgAI O :Mn 2+ , Y O :Eu 3+ , Y O :Bi 3+ ' 
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(Y,Gd) O :Eu 3+ , (Y,Gd) O :Bi 3+ , Y O S:Eu 3+ , Y O S:Bi 3+ , 

'23 ''23 '22 '22 

(Me Eu )ReS, 6MgO,As O :Mn, Mg SiO :Mn, BaMgAI O 

X x x 2 5 3 4 X0 

:Eu 2+ and (Ca,Sr,Ba) (PO ) CI:Eu 2+ ,Gd 3+ . 
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[0010] | n one embodiment of the present invention, the above- 
described white light LED includes, for example but not 
limited to, a plurality of welding wires electrically con- 
nected between the exciting light source and the suscep- 
tor. Furthermore, the susceptor includes, for example but 
not limited to, packaging leadframe or circuit board. The 
exciting light source includes, for example but not limited 
to, LED chip or laser diode chip. 

[0011] | n 0 ne embodiment of the present invention, the compo- 
sition of the above-described fluorescent powder is opti- 
mized according to the wavelength of the light emitting 
from the exciting light source. For example, when the 



wavelength of the light is in a range of about 440nm to 
about 490nm, the fluorescent powder includes, for exam- 
ple but not limited to, (Tb Ce Re )AI O , (Me Eu 
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Re ) SiO , Y O :Eu 3+ , Y O :Bi 3+ , (Y,Gd) O :Eu 3+ , (Y,Gd) O 

x y3 5 2 3 23 23 ^ 

:Bi , Y O S:Eu 3+ , Y O S:Bi 3+ , (Me Eu )ReS, 6MgO,As O 
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s :Mn or Mg^iO^Mn. Furthermore, for example, when the 
wavelength of the light is in a range of about 250nm to 
about 440nm, the fluorescent powder includes, for exam- 
ple but not limited to, (Tb Ce Re )AI O , (Me Eu 
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Re ) SiO , YBO :Ce 3+ , YBO :TB 3+ , SrGa O :Eu 2+ , SrAI O 

x y 3 5 3 3 2 4 '2 

4 :Eu 2+ , (Ba,Sr)MgAl iQ O i7 :Eu 2+ , (Ba,Sr)MgAl i( O i7 :Mn 2+ , Y 
O :Eu 3+ , Y 0 :Bi 3+ , (Y,Gd) O :Eu 3+ , (Y,Gd) 0 :Bi 3+ , Y 0 

23 '23 ' ' 2 3 ' ' 2 3 2 

S:Eu 3+ , Y 0 S:Bi 3+ , (Me Eu )ReS, 6MgO,As 0 :Mn, Mg 

2 '22 ' 1-x x ' 3 ' 2 5 a 

SiO :Mn, BaMgAI O :Eu 2+ or (Ca,Sr,Ba) (PO ) CI:Eu 
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2+ ,Cd 3+ . 

[0012] | n one embodiment of the invention, in the above-de- 
scribed fluorescent powder material (Me Eu Re ) SiO 
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0<x<0.8 and 0<y<2.0. Furthermore, Me includes, for ex- 
ample but not limited to, calcium, strontium or barium. 
The Re includes, for example but not limited to, 
praseodymium (Pr), rubidium, samarium (Sm), dysprosium 
(Dy), holmium (Ho), yttrium, erbium (Er), europium (Eu), 
thulium (Tm), ytterbium (Yb), chromium, strontium, 



lutetium (Lu), gadolinium (Gd), zinc or aluminum. 
[0013] | n one embodiment of the present invention, the white 

light LED further includes a light emitting diode (LED) chip 
for emitting a light having wavelength in a range of about 
250nm to about 490nm. The LED chip may be provided as 
the exciting light source of the above-described white 
light LED. The LED chip includes, for example but not lim- 
ited to, a substrate, a nucleation layer, a conductive buffer 
layer, a first confinement layer, a light emitting layer, a 
second confinement layer, a contact layer, an anode elec- 
trode and a cathode electrode. The nucleation layer and 
the conductive buffer layer are disposed over the sub- 
strate sequentially. The first confinement layer is disposed 
over the conductive buffer layer, wherein the type of the 
doping material of the first confinement layer and that of 
the conductive buffer layer are the same, and the type of 
the doping material may be P-type or N-type. The light 
emitting layer is disposed over the first confinement layer, 
and the second confinement layer is disposed over the 
light emitting layer. The type of the doping material of the 
second confinement layer and that of the first confine- 
ment layer are not the same. The contact layer is disposed 
over the second confinement layer, and the contact layer 



may includes periodic and modulated doped semiconduc- 
tor material, including, for example, but not limited to, P- 
type strained layer superlattice (SLS) structure doped with 
magnesium, zinc, beryllium, cadmium (Cd), calcium, or 
carbon or N-type strained layer superlattice (SLS) struc- 
ture doped with silicon, germanium, antimony, tin, phos- 
phorous, or arsenic. The anode electrode is disposed over 
the contact layer. The cathode electrode is in contact with 
the conductive buffer layer and isolated from the first 
confinement layer, the second confinement layer, the light 
emitting layer, the contact layer and the anode electrode. 

[0014] | n the above-described LED chip, the conductive type of 
the second confinement layer and that of the contact layer 
may be different, wherein the conductive type of the con- 
tact layer may be P-type or N-type. Furthermore, the con- 
ductive type of the anode electrode and that of the con- 
tact layer may also be different, wherein the conductive 
type of the anode electrode may be P-type or N-type. 

[0015] Accordingly, in the white light LED according to an em- 
bodiment of the present invention, a LED chip (or laser 
diode chip) for emitting a light having wavelength in a 
range of about 250nm to 490nm is provided as the excit- 
ing light source. Moreover, at least a fluorescent powder 



or a mixture thereof is used to generate, for example but 
not limited to, yellow, red, green or blue fluorescence. The 
generated fluorescence such as the yellow, red, green or 
blue fluorescence is mixed with the exciting light of the 
exciting light source to generate the white light. The light 
emitting from the white light LED is composed of mixed 
light comprising at least three or four different colors, 
thus the white light LED has a higher luminous efficiency 
and a better color rendering index. 
[0016] it j S to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0017] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
following drawings illustrate embodiments of the inven- 
tion and, together with the description, serve to explain 
the principles of the invention. 

[0018] FIG. 1 is a drawing schematically illustrating a white light 
LED according to one embodiment of the present inven- 
tion. 



[0019] FIG. 2 is a drawing schematically illustrating a white light 
LED according to another embodiment of the present in- 
vention. 

[0020] FIG. 3 is a cross-sectional view schematically illustrating a 
LED chip according to one embodiment of the present in- 
vention. 

[0021] FIG. 4 is a diagram illustrating an emission spectrum of a 

white light LED according to one embodiment of the 

present invention. 
[0022] FIG. 5 is a diagram illustrating an emission spectrum of a 

white light LED according to another embodiment of the 

present invention. 
[0023] FIG. 6 is a diagram illustrating an emission spectrum of a 

white light LED according to yet another embodiment of 

the present invention. 
Detailed Description 

[0024] Th e present invention now will be described more fully 

hereinafter with reference to the accompanying drawings, 
in which preferred embodiments of the invention are 
shown. This invention may, however, be embodied in 
many different forms and should not be construed as lim- 
ited to the embodiments set forth herein; rather, these 
embodiments are provided so that this disclosure will be 



thorough and complete, and will fully convey the scope of 
the invention to those skilled in the art. Like numbers re- 
fer to like elements throughout. 
[0025] FIG. 1 is a drawing schematically illustrating a white light 
LED according to one embodiment of the present inven- 
tion. Referring to FIG. 1, the white light LED 100 com- 
prises, for example but not limited to, a packaging lead- 
frame 110, a LED chip 120 and a sealing resinl30. The 
packaging leadframe 110 includes, for example but not 
limited to, a first contact 112a, a second contact 112b and 
a pit 110a. The LED chip 120 is disposed in the pit 110a 
by an adhesive glue 140. Furthermore, the LED chip 120 
has an anode electrode 122a and a cathode electrode 
122b electrically connected to a first contact 112a and a 
second contact 112b of the packaging leadframe 110 by a 
welding wire 150 respectively. The sealing resin 130 cov- 
ers over the LED chip 120 to mount the LED chip 120 in 
the pit 110a. 

[0026] Referring to FIG. 1, the LED chip 120 may emit, for exam- 
ple but not limited to, an exciting light 124. The sealing 
resin 130 is doped with, for example but not limited to, 
fluorescent powder 132, wherein a portion of the exciting 
light 124 emits out via the sealing resin 130, and the 



other portion of the exciting light 124 absorbed by the 
fluorescent powder 132. The fluorescent materials in the 
fluorescent powder 132 is excited by the exciting light 
124, and thus a fluorescence 134 is generated by the en- 
ergy transition of the electrons. Therefore, a white light is 
generated by mixing the exciting light 124 and the fluo- 
rescence 134 in the white light LED 100. 
[0027] Furthermore, in another embodiment of the present in- 
vention, the above-described packaging leadframe of the 
white light LED may also be replaced by a circuit board. 
FIG. 2 is a drawing schematically illustrating a white light 
LED according to another embodiment of the present in- 
vention. Referring to FIG. 2, the white light LED 200 com- 
prises, for example but not limited to, a circuit board 210, 
a LED chip 220 and a sealing resin 230. The LED chip 220 
is disposed in a pit 210a on the circuit board 210 via an 
adhesive glue 240, and is electrically connected to the cir- 
cuit board 210 by lead bonding. The sealing resin 230 is, 
for example but not limited to, doped with the fluorescent 
powder 232 and the sealing resin 230 covers over the LED 
chip 220. The connection relationship of the elements and 
the functions thereof of FIG. 2 are similar to that of the 
embodiments of FIG. 1 described above and thus FIG. 1 



may be taken as a reference. 

[0028] Moreover, in the embodiments of FIG. 1 and 2, the two 
electrodes are all disposed on the LED chip on the top. 
However, in another embodiment of the present invention, 
the two electrodes may also be disposed on the LED chips 
on the top and at the bottom respectively. In addition, the 
connect method between the LED chip and the packaging 
leadframe or the circuit board may vary with the position 
of the electrodes. 

[0029] FIG. 3 is a cross-sectional view schematically illustrating a 
LED chip according to an embodiment of the present in- 
vention. Referring to FIG. 3, the light emitting diode (LED) 
chip comprises a substrate 300. The substrate comprises, 
for example but not limited to, silicon, sapphire, silcon 
carbide (SiC), zinc oxide (ZnO), gallium phosphide (GaP), 
gallium arsenide (GaAs), aluminum oxide ( A ' 2 0 3 ) substrate 
or other applicable substrate. Thereafter, a nucleation 
layer 310 is formed over the substrate 300. The nucle- 
ation layer 310 may be comprised of, for example but not 
limited to, Al In Ga N (u,v>0 ; 0<u+v<l). 

u v 1-u-v 

[0030] The conductive buffer layer 320 may be comprised of, for 
example but not limited to, Al In Ga N (c,d>0; 

c d 1-c-d 

0<c+d<l). In general, it is difficult to form a high quality 



P-type or N-type gallium nitride (GaN) based epitaxial 
layer on the substrate directly since the lattice mismatch 
between the P-type or N-type gallium nitride (GaN) based 
semiconductor and the substrate described above is very 
large. Therefore, gallium nitride (GaN) based compound 
semiconductor(s) such as a nucleation layer 310 and 
buffer layer 320 is previously formed. In the embodiment, 
the N-type Al In Ga N is provided as the buffer layer 

c d 1-c-d 

320 to enhance the quality of the crystals grown in the 
following gallium nitride (GaN) based compound and the 
yield of the production. 
[0031] Thereafter, a first confinement layer 330 is formed on the 
buffer layer 320, wherein the first confinement layer 330 
may be comprised of gallium nitride (GaN) based lll-V 
compound including, for example but not limited to, 
doped N-type Al In Ga N (x,y>0; 0<x+y<l; x>c). The 

x y 1-x-y 

selection of N-type doping material is well known to those 
skilled in the art and will not be described herein. 
[0032] Thereafter, an active layer 340 (or called a light emitting 
layer) is formed over the first confinement layer 330. The 
active layer 340 may be comprised of gallium nitride 
(GaN) based lll-V nitride compound. In the present em- 
bodiment, the active Iayer340 may be comprised of doped 



or undoped Al In Ga N/Al In Ga N (a,b>0; 

a b 1-a-b x y 1-x-y 

0<a+b<l; x,y>0; 0<x+y<l; x>c>a) quantum well struc- 
ture, and the doping material thereof may be N-type or P- 
type materials. The selection of the N-type or P-type dop- 
ing material is well known to those skilled in the art and 
will not be described. 
[0033] Further, a second confinement layer 332 is formed over 
the active Iayer340. The second confinement layer 332 
may be comprised of gallium nitride (GaN) based lll-V 
compound including, for example but not limited to, 
doped P-type Al In Ga N (x,y>0; 0<x+y<l; x>c). The 

x y 1-x-y 

selection of the P-type doped material is well known to 
those skilled in the art and will not be described herein. 
The N-type or P-type active layer 340 is sandwiched by 
the first confinement layer 330 and the second confine- 
ment layer 332. The compositions and the ratio thereof of 
the materials composed in the layers including the gallium 
nitride (GaN) based lll-V compound, and the selection of 
the doping material thereof described above may be ad- 
justed, and that has been described in the embodiments 
of the invention may not be used to limit the scope of the 
invention. 

[0034] Thereafter, a contact layer 350 is formed over the second 



confinement layer 332. The contact layer 350 may be 
comprised of, for example but not limited to, lll-V com- 
pound having an extremely high carrier concentration 
such as strained layer superlattice (SLS). The strained layer 
superlattice (SLS) may be comprised of, for example but 
not limited to, gallium nitride (GaN) based lll-V compound 
such as Al In Ga N/Al In Ga N SLS (u,v>0; 

u v 1-u-v x y 1-x-y 

0<u+v<l; x,y>0; 0<x+y<l; x>u). The strained layer su- 
perlattice (SLS) of the embodiment may be a modulation 
doped SLS, wherein the doping material may be N-type or 
P-type. In one embodiment of the invention, a P-type 
doping material is preferred. 
[0035] Next, a cathode electrode 362 is formed over the buffer 
layer 320 apart from the first confinement layer 330, the 
second confinement layer 332 and the active Iayer340. 
The cathode electrode 362 may be comprised of, for ex- 
ample but not limited to, Cr/Au, Cr/Pt/Au, Cr/WSiN/Au, 
WSi /Au.Ti/Si /Au, Ti/Au, Ti/WSi /Au,Ti/AI/Cr/Au, Ti/ 

XX X 

Al/Co/Au, Cr/AI/Cr/Au, Cr/AI/Pt/Au, Cr/AI/Pd/Au, Cr/ 
Al /Ti/Au, Cr/AI/Co/Au, Cr/AI/Ni/Au, Pd/AI/Ti/Au, Pd/ 
Al/Pt/Au, Pd/AI/Ni/Au, Pd/AI/Pd/Au„ Pd/AI/Cr/Au, Pd/ 
Al/Co/Au, Nd/AI/Pt/Au, Nd/AI /Ti/Au, Nd/AI/Ni/Au, Nd/ 
Al/Cr/Au Nd/AI/Co/A, Hf/AI /Ti/Au, Hf/AI/Pt/Au, Hf/ 



Al/Ni/Au, Hf/AI/Pd/Au, Hf/AI/Cr/Au, Hf/AI/Co/Au, Zr/ 
Al /Ti/Au, Zr/AI/Pt/Au, Zr/AI/Ni/Au, Zr/AI/Pd/Au, Zr/ 
Al/Cr/Au, Zr/AI/Co/Au, TiNx/Ti/Au, TiNx/Pt/Au, TiNx/ 
Ni/Au, TiNx/Pd/Au, TiNx/Cr/Au, TiNx/Co/Au TiWNx/ 
Ti/Au, TiWNx/Pt/Au, TiWNx/Ni/Au, TiWNx/Pd/Au, Ti- 
WNx/Cr/Au, TiWNx/Co/Au, NiAI/Pt/Au, NiAI/Cr/Au, NiAl/ 
Ni/Au, NiAl /Ti/Au, Ti/NiAI/Pt/Au, Ti/NiAl /Ti/Au, Ti/ 
NiAI/Ni/Au or Ti/NiAI/Cr/Au or other applicable materials. 
The cathode electrode 362 provides an excellent ohmic 
contact with the conductive buffer layer, and thus the 
contact resistance is reduced. 
[0036] Thereafter, an anode electrode 360 is formed over the 

contact layer 350. The anode electrode 360 may be com- 
prised of, for example but not limited to, a thin metal 
comprised of such as Ni/Au, TiN, Pd/Au/Pt/Au, or N-type 
transparent conductive oxide (TCO) layer such as indium 
tin oxide (ITO), cadmium tin oxide (CTO), ZnO:AI, ZnO:ln, 
ZnO:Ga, ZnGa O , SnO :Sb, Ga O :Sn, AglnO :Sn or In O 
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3 :Zn, or P-type TCO such as CuA10 2 , LaCuOS, NiO, Cu- 
GaO or SrCu O . 
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[0037] Accordingly, the emitting wavelength of the light emitting 
diode (LED) chip of the invention is in a range of, for ex- 
ample but not limited to 250nm to 490nm. The fluores- 



cent powder includes, for example but not limited to, yel- 
low light fluorescent powder, red light fluorescent pow- 
der, green light fluorescent powder, blue light fluorescent 
powder or a power mixing thereof. The yellow light fluo- 
rescent powder may be comprised of, for example but not 
limited to, (Tb Ce Re )AI O or (Me Eu Re ) SiO . 
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The red light fluorescent powder may be comprised of, for 
example but not limited to, Y 2 0 3 :Eu 3+ , Y 2 0 3 :Bi 3+ , (Y,Gd) 
O :Eu 3+ , (Y,Gd) O :Bi 3+ , Y O S:Eu 3+ , Y O S:Bi 3+ , (Me 
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Eu )ReS and 6MgO,As O :Mn, Mg SiO :Mn. The green 
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light fluorescent powder may be comprised of, for exam- 
ple but not limited to, YBO :Ce 3+ , YBO :TB 3+ , SrGa 0 :Eu 
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2+ , SrAI 2 0 4 :Eu 2+ , (Ba,Sr)MgAl iQ O i7 :Eu 2+ and (Ba,Sr)MgAI 
1Q 0 : Eu 2 ,Mn 2+ ., The blue light fluorescent powder may 
be comprised of, for example but not limited to, BaMgAI 
O :Eu 2+ and (Ca,Sr,Ba) (PO ) CI:Eu 2+ ,Gd 2+ . Wherein 

10 17 ' ' 5 4 3 

0<x<0.8, and 0<y<2.0. The Me comprises calcium, 
strontium, barium. The Re comprises praseodymium (Pr), 
rubidium, samarium (Sm), dysprosium (Dy), holmium (Ho), 
yttrium, erbium (Er), europium (Eu), thulium (Tm), ytter- 
bium (Yb), chromium (Cr), strontium (Sr), lutetium (Lu), 
gadolinium (Gd), aluminum (Al), or zinc (Zn). 
[0038] it j S noted that the emission spectrum of the white light 



LED of the present invention is dependent on the wave- 
length (frequency) of the exciting light and the corre- 
sponding fluorescent powder, and will be described by a 
plurality of embodiments hereinafter. 
[0039] | n one embodiment of the invention, the wavelength of 
the exciting light is, for example, between about 440nm 
and about 490nm. It is noted that, when the LED chip is a 
blue light LED chip having a wavelength between 440nm 
and 490nm, the fluorescent powder is generally com- 
prised of, for example but not limited to, a fluorescent 
material having a lower excitation energy state such as 
yellow light fluorescent powder or red light fluorescent 
powder. FIG. 4 is a diagram illustrating an emission spec- 
trum of a white light LED according to one embodiment of 
the present invention. Referring to FIG. 4, the fluorescent 
powder may be comprised of, for example but not limited 
to, 92% yellow light fluorescent powder such as Tb 3 (AI,Si) 
5 O i2 :Gd 3+ ,Ce 3+ ,Y 3+ ,Dy 3+ and 8% red light fluorescent 
powder such as (Sr,Ca)ReS:Eu 2+ . Therefore, the wave- 
length of the blue exciting light of the LED chip is near 
about 470nm. The wavelength of the yellow fluorescence 
410 generated by the yellow light fluorescent powder is 
between about 540nm to about 580nm. The peak value of 



the wavelength of the red fluorescence 420 generated by 
the red light fluorescent powder is near about 610nm. 
Thereafter, a white light is generated by mixing the blue 
exciting light, the yellow fluorescence and the red fluores- 
cence, and the white light has a high color rendering in- 
dex since it is generated by three color lights. Thus, the 
white light LED of the present invention provides the ad- 
vantages of the second type white light LED. 

[0040] | n the above-described embodiment, the emission spec- 
trum of the white light LED may be tuned by fixing the 
type of the fluorescent powder and adjusting the compo- 
sition of each component material. For example, if the 
fluorescent powder is comprised of 20% yellow light fluo- 
rescent powder such as Tb 3 (AI,Si)50 i2 :Cd 3+ ,Ce 3+ ,Y 3+ ,Dy 3+ 
and 80% red light fluorescent powder such as 
(Sr,Ca)ReS:Eu 2+ , the wavelength of the blue exciting light 
of the LED chip is about 450nm. Therefore, after the ex- 
citing light is emitted, the light intensity of the red fluo- 
rescence emitting from the red light fluorescent powder is 
higher than that of the yellow fluorescence emitting from 
the yellow light fluorescent powder. Therefore, a high in- 
tensity pink light is generated after the mixing of lights. 

[0041] | n another embodiment of the invention, the wavelength 



of the exciting light is, for example, between about 
395nm and about 440nm. FIG. 5 is a diagram illustrating 
an emission spectrum of a white light LED according to 
another embodiment of the present invention. Referring 
to FIG. 5, the fluorescent powder is comprised of, for ex- 
ample but not limited to, yellow light fluorescent powder 
such as Tb Al O :Gd 3+ , Ce 3+ ,Y 3+ , Sr SiO :Eu 2+ , green 
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light fluorescent powder such as SrA^O^Eu + , (Ba,Sr) 
SiO :Eu 2+ , red fluorescent powder such as (Sr,Ca)ReS:Eu 

2 ■ 5 5 

+ , Mg 3 Si0 4 :Mn and blue light fluorescent powder such as 
(Ca,Sr,Ba) (PO ) CI:Eu 2+ ,Gd 3+ . Thereafter, a blue violet 

5 4 3 

light having a wavelength of about 405nm is provided as 
the exciting light. After the exciting light is absorbed by 
the blue light fluorescent powder, a blue fluorescence 510 
having a wavelength of about 460nm is emitted. Likewise, 
a green fluorescence 520 having a wavelength about 
520nm is emitted from the green light fluorescent powder 
after the exciting light is absorbed. A red fluorescence 
540 having a wavelength about 610nm is emitted from 
the red light fluorescent powder after the exciting light is 
absorbed. Furthermore, a yellow fluorescence 530 emit- 
ting from the yellow light fluorescent powder by absorb- 
ing a portion of the blue fluorescence emitting from the 



blue light fluorescent powder. Therefore, a white light is 
generated by mixing the red fluorescence, the blue fluo- 
rescence, the green fluorescence and the yellow fluores- 
cence generated by the blue violet exciting light. The 
white light has an excellent color rendering index since it 
is generated by at least four different colors. 
[0042] | n another one embodiment of the invention, the wave- 
length of the exciting light is, for example, between about 
250nm and 395nm. FIG. 6 is a diagram illustrating an 
emission spectrum of a white light LED according to yet 
another embodiment of the present invention. Referring 
to FIG. 6, the fluorescent powder is comprised of yellow 
light fluorescent powder such as Tb 3 AI 5 O i2 :Gd 3+ ,Ce 3+ ,Y 
3+ , Sr 3 SiO s :Eu 2+ , green light fluorescent powder such as 
(Ba,Sr) 2 5 Si0 5 :Eu 2+ , (Ba,Sr)MgAl i( O i7 :Eu 2+ , or (Ba,Sr)MgAI 
0 :Mn 2+ , red fluorescent powder such as (Sr,Ca)ReS:Eu 
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+ , Mg 3 Si0 4 :Mn, 6MgO.As 2 O s :Mn + and blue light fluores- 
cent powder such as (Ca,Sr,Ba) 5 (P04) 3 CI:Eu 2+ ,Gd 3+ . A vi- 
olet light of wavelength about 385nm is provided as the 
exciting light. Therefore, after the excitation of the excit- 
ing light, green fluorescence 620 of wavelength about 
510nm is emitted from the green light fluorescent pow- 
der, a blue fluorescence 610 of wavelength about 450nm 



is emitted fromthe blue light fluorescent powder, a red 
fluorescence 640 of wavelength about 660nm is emitted 
from the red light fluorescent powder. And a yellow fluo- 
rescence 630 is emitted from the yellow light fluorescent 
powder after a portion of the blue fluorescence emitting 
from the blue light fluorescent powder is absorbed. 
Therefore, a white light is generated by mixing at least 
four different color lights and has an excellent color ren- 
dering index. 

[0043] According to the above-described embodiments of the 
present invention, a high energy exciting light such as a 
violet exciting light having a wavelength between about 
365nm and about 395nm, or an ultraviolet exciting light 
having a wavelength less than 365nm is provided to the 
white light LED. In addition, the fluorescent powder of the 
invention is further comprised of high excitation energy 
state material such as green light fluorescent powder or 
blue light fluorescent powder except for comprised of 
conventional red light fluorescent powder or yellow light 
fluorescent powder. Moreover, the shorter the wavelength 
of the exciting light emitting from the LED chip of the 
present invention, the higher the energy of the exciting 
light, and thus the more the fluorescent powder that can 



be reacted with the exciting light, and the higher the per- 
centage of the excited fluorescent powder will emit fluo- 
rescence with brightness proportional to the percentage 
of the excited fluorescent powder. 

[0044] Accordingly, the present invention provides an exciting 
light source having a wavelength between about 250nm 
and 490nm to excite the fluorescent powder to generate 
the exciting light. Therefore, the excited fluorescent pow- 
der is dependent on the wavelength (frequency) of the ex- 
citing light source. The present invention provides a white 
light LED mixed by three, four or more different color 
lights, however, the conventional white light LED is only 
mixed by two different color lights. Therefore, the lumi- 
nous efficiency and the color rendering index of the white 
light LED are better than that of the conventional one. 
Furthermore, in comparison with the conventional white 
light LED constructed by a plurality of LED chips, the white 
light LED of the present invention is low cost, can be pro- 
duced using a simple process with higher throughput. 

[0045] Furthermore, it is noted that, the exciting light source of 
the white light LED of the present invention may further 
comprise laser diode or other exciting light source except 
for the LED chips of the above-described embodiments. In 



addition, the composition of the fluorescent powder of the 
present invention may be adjusted with the property such 
as color, brightness, etc. of the required emitted white 
light and the wavelength or other properties of the excit- 
ing light source. In the invention, a LED having a specified 
color or brightness or, or a full-color LED may also be 
provided by adjusting the composition of the fluorescent 
powders. 

[0046] it w j|| De apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



